The aim of the study was to assess Oxford Miniature Vaporizer output when mounted in-circuit during the maintenance phase of anaesthesia, using isoflurane, controlled ventilation and a fresh gas flow rate less than 1 l/min. Twenty patients of ASA Physical Status I and II were recruited from routine general surgical lists. All patients were paralysed and ventilated. An out-of-circuit isoflurane vaporiser was used during the induction period (first 20 to 30 minutes). Anaesthesia was maintained using an Oxford Miniature Vaporizer placed in-circuit, using a fresh gas flow of 500 ml/min. The end-tidal isoflurane concentration was recorded for 90 minutes at five-minute intervals using a sidestream agent analyser. Two groups were compared, with the Oxford Miniature Vaporizer dial setting at either the 0.5 mark (low output setting) or at the 1.0 mark (higher output setting).
The use of a draw-over vaporiser positioned in-circuit (VIC) has been well described [1] [2] [3] [4] [5] [6] , but when controlled ventilation is used there are significant concerns about the risk of an unpredictable output leading to overdose. Most VIC and low-flow studies have been done using Komesaroff or Goldman vaporisers. The behaviour of the Oxford Miniature Vaporizer (OMV) placed in-circuit has been studied by Liu and Dhara 7, 8 , but only using high fresh gas flow (FGF) in spontaneously breathing patients. The object of this study was to evaluate the performance of the OMV when in VIC mode, during the maintenance phase of anaesthesia, using controlled ventilation and low flows.
MATERIALS AND METHODS:
Approval was obtained from the Sydney West Area Health Service Human Research Ethics Committee. Twenty healthy adult patients (ASA Physical Status I to II) in whom surgery was expected to last more than three hours were selected from routine operating lists. Consent was obtained prior to surgery.
An OMV (Ulco Medical, Marrickville, NSW) was mounted in the proximal portion of the inspiratory limb of the breathing circuit. A standard anaesthetic machine (Datax-Ohmeda Aestiva/5) was used. Before starting each test the OMV was filled to the full mark (50 ml). An isoflurane marker plate (0.5, 1, 1.5, 2, 2.5, 3, 3.5 and 4) was fitted over the topside of the OMV. The plate is supplied by the manufacturer and provides an approximate calibration for draw-over use. From the horizon line, the dial at mark 0.5 indicates 20 degrees and at 1 indicates 25 degrees. Prior to each use, the end-tidal concentration of isoflurane (FET Iso) was measured using a Datex AS/3 monitor and the breathing system was checked for leaks. A standard isoflurane vaporiser (Penlon) was mounted out-of-circuit (VOC) and was left on the machine for induction. A Bispectral Index monitor was used to ensure an adequate level of anaesthesia on all patients. Patients were allocated to one of two groups: Group A had the OMV dial set at 0.5 and Group B at dial setting of 1.
Anaesthesia was induced with propofol and an analgesic dose of fentanyl or morphine. Neuromuscular blockade was achieved using a cisatracurium infusion titrated to maintain one twitch on train-of-four. Ventilation was adjusted to maintain normocapnia. During the induction period, isoflurane was delivered from the VOC, which was turned off after the high uptake period (20 to 30 minutes). The OMV was introduced either on dial 0.5 for Group A or dial 1.0 for Group B. The fresh gas flow was turned down to less than 1 l/min and was adjusted to prevent the ventilator bellows from either over-distending or collapsing. For Group A, O 2 : N 2 O (50:50) was used as a carrier gas, while Group B only used O 2 as the vaporiser output was predicted to be high. Isoflurane concentration was measured continuously and the sampled gas was not returned to the circuit.
If the output was judged to be excessive based on patient haemodynamics and other clinical variables, the OMV was turned off for five minutes to allow isoflurane levels to decrease and then the dial was turned back on to a value 50% of the initial target setting. If the level of anaesthesia was judged to be inadequate, no change to the dial was introduced but anaesthesia was supplemented by a propofol infusion. The study was continued for 90 minutes from the time the OMV was turned on and then the case reverted to a standard technique using the VOC.
RESULTS
Twenty patients were recruited with 10 in each group. One patient was excluded from Group A because of a protocol violation, leaving nine patients in the group. Group A had mostly male patients. In both groups the surgery was for abdominal or orthopaedic indications. Patients' demographics, FGF and the amount of isoflurane used are represented in Table 1 In Group B (Figures 3 and 4) there was almost always excessive and rapid rise in isoflurane, which was associated with haemodynamic instability (mainly hypotension) in six patients.
In these patients the OMV was turned off for five minutes before turning it back on to dial 0.5 (50% less than the target dial for the group). In the remaining four patients in Group B, three had FET Iso reaching 2% without haemodynamic instability and in one patient FET Iso remained under 1.5% for the 90-minute period.
In these four patients no adjustment to the dial was made.
When at dial mark 0.5 the FET Iso reached 0.63%, which was not enough to maintain an adequate Figure 5 : When dial is set at 0.5 (data from 15 patients in both groups) mean FET Iso remains 0.63%
(values presented as mean and 95% CI). level of anaesthesia, and a propofol infusion was started.
DISCUSSION
Inhalational anaesthesia using VIC has many theoretical advantages, including minimising cost and minimising waste and atmospheric pollution, without compromising the quality of the anaesthetic. A major concern with VIC and controlled ventilation, however, is the unpredictable nature of vaporiser output and hence the risk of overdose leading to respiratory depression and possible cardiac arrest 9,10 . Mapleson 11 and White 12 described high concentrations of agent when using a VOC with low FGF. With continuous and accurate monitoring of anaesthetic concentration, however, the safety of VIC techniques has improved significantly as has shown by multiple authors [1] [2] [3] [4] [5] [6] [7] [8] .
The final concentration of anaesthetic agent is dependent on the balance between amount delivered, uptake and rate of spillage. With lower FGF, the re-circulated component becomes significant in determining the gas composition in a circle circuit 13 . When using VIC the unpredictability in the output is related to:
Low internal resistance, where the output is 1.
affected directly by the minute ventilation and indirectly by FGF.
The pumping effect when using controlled 2.
ventilation.
The very simple design of draw-over vaporisers, 3.
which are neither flow-nor temperaturecompensated. The temperature within the vaporiser chamber may decrease significantly due to latent heat of vaporisation, leading to reductions in output. Ambient temperature also has more of a direct effect on vaporisation than seen with plenum vaporisers. The dial is not calibrated and only roughly 4.
graduated. This can lead to significant changes in output with minor alteration of the dial setting, particularly at lower FGF.
The OMV differs from the other draw-over vaporisers (e.g. McKesson, Goldman, Komesaroff) in having a water-ethylene glycol jacket for thermoregulation which leads, in theory, to a higher than expected output, particularly at lower FGF. The observed steady FET Iso when the dial was set at 0.5 in the current study is possibly a reflection of the latent heat of vaporisation and lower output that balances other forces. The definition of 'low flow' is based on a 1952 description as FGF <1 l/min 16 . The anaesthetic machine we used has an air flowmeter that is not calibrated for flows under 1 l/min, which made it impossible to use air as a carrier gas in this study. We used a VOC during the induction period, as we aimed to study the behaviour of the OMV only beyond the rapid uptake phase. There was no attempt to maintain the OMV temperature, because we were interested to see the output under 'normal' operating room conditions.
Water condensation in the vaporiser can be problematic using a VIC technique 14, 15 . No macroscopically visible water contamination was noted when isoflurane was decanted from the OMV at the end of data collection. This is consistent with the observations of Liu and Dhara 7 , whose explanation is based on the fact that a heat and moisture exchanger was present between the circle and the patient. Harrison 14 found less than 1% water contamination when he used VIC and low-flow for long surgery (more than three hours). This would suggest that water condensation is not a problem of practical significance for VIC.
The role of the pumping effect was difficult to assess. For both groups, when the dial setting was at 0.5 (15 out of 20 patients), mean FET Iso was 0.63% (95% CI 0.60 to 0.66%, Figure 5 ). This equates to an isoflurane MAC equivalent of 0.54, which is not sufficient to maintain adequate anaesthesia for most patients. For Group B where O 2 only was used, a propofol infusion was required, while for Group A, the presence of N 2 O allowed an adequate level of anaesthesia without the need for any other supplements. It is worth noting that the amount of agent used in this study is similar to the amount of agent that would have been used in a VOC under similar circumstances with FGF around 500 ml/min and controlled ventilation.
In summary, under the study conditions, an OMV positioned VIC with dial setting 0.5 produced a steady isoflurane concentration of 0.65%. This is generally is not adequate for anaesthesia and supplementation with another form of anaesthetic (N 2 O or propofol) was required. A dial setting of 1% almost always produced an excessive output. It was possible, however, to achieve a stable and predictable output from the OMV when positioned in-circuit using low flows and controlled ventilation. Further studies are required before this technique can be considered a practical option for routine inhalational anaesthesia.
